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Abstract

Vagal nerve stimulation is a neurosurgical treatment modality approved for the management of drug-resistant epilepsy.
With its increased utilisation, anaesthesiologists will more frequently encounter patients with an indwelling vagal
nerve stimulator (VNS), both in the elective and in the emergency surgical settings. Knowledge of the implications of
the indwelling VNS in the perioperative period is vitally important for the anaesthesiologist, both for patient safety
and to ensure proper device functioning after any intervention. As there are no published clinical guidelines for the
anaesthesiologist on the perioperative management of the patient with an indwelling vagal nerve stimulator, this article
will focus on the indications, proposed mechanisms of action and side-effects of vagal nerve stimulation, as well as the
anaesthetic considerations for the individual with an implanted vagal nerve stimulator.
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Background

Vagal nerve stimulation is an important treatment modali-
ty which is used as an adjunct in the management for drug-re-
sistant epilepsy (DRE) in Ireland. It is being increasingly uti-
lised in recent years for this indication worldwide, with ongo-
ing research into extending its scope of use for other ilinesses
and conditions [1].

Approximately 0.5-1.0% of the population has epilepsy,
with the majority of adults presenting with focal onset sei-
zures. Up to 50% of patients with epilepsy have inadequate
control of their seizures or have intolerable side effects of the
pharmacological therapy used, such as sedation, impaired
concentration and issues in balance and coordination [2]. One
in three patients has a poor response to anti-epileptic drugs
(AED) from the outset of medical management [3]. There are
currently around 40,000 people with epilepsy living in Ireland,
and approximately 600 of them have an indwelling VNS.

Drug-resistant epilepsy is defined as the failure of two ap-
propriately chosen and tolerated anti-epileptic drugs (AEDs),
whether as monotherapy or in combination. The rate of DRE
has not reduced significantly over the last 20 years despite
the development of new AEDs with unique mechanisms of ac-
tion. The consequences of DRE extend beyond seizures, with
a potential to cause seizure-related injuries, increased hospi-
tal stays, increased mortality and morbidity including sudden
unexplained death in epilepsy (SUDEP). DRE also impacts sig-
nificantly on the individual patient’s quality of life resulting in

a higher incidence of depression, anxiety, sleep disturbance,
cognitive impairment and memory loss. Side-effects with long
term AED use are also very common in DRE. Further conse-
quences of DRE include interruption to education or work,
and problems with the development and maintenance of in-
terpersonal relationships. The medical and social care of pa-
tients with DRE entails significant costs also.

The first VNS was implanted in a patient with refractory
epilepsy in 1988 to assess its efficacy [4]. Vagal nerve stimula-
tion was approved as a treatment modality for DRE in Europe
in 1994 and in the United States in 1997 [5]. LivaNovaPLC is
currently the sole manufacturer of VNS devices worldwide for
the treatment of DRE. Chronic, intermittent vagus nerve stim-
ulation has proven to be a safe, effective option for patients
suffering from refractory seizures who are not candidates for
surgical resection or who hesitate to take the risk of surgery
yet continue to have seizures despite maximal medical ther-
apy. Although only a small minority of patients will be entire-
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Figure 1: Image of the Sentiva® VNS and its components.

Image credits: LivaNova PLC

Vagal nerve stimulator components. Digital image: http://us.livanova.cyberonics.com/vnstherapy/how-vns-therapy-works

ly seizure-free, VNS as an adjunct to medical therapy does
appear to significantly improve the quality of life of patients
[6]. In two randomized double-blind trials, seizure frequency
declined by approximately 30% after 3 months of treatment.
Long-term follow-up studies suggest that response improves
over time, with approximately 35% of patients experiencing
a 50% reduction and 20% experiencing a 75% reduction in
seizure frequency after 18 months of treatment [7]. A very
low number of patients may become medication free or sei-
zure free with VNS. Other benefits reported include improved
mood, memory and alertness.

Indications

Currently in Ireland, DRE is the only approved indication
for VNS therapy. However in 2005, VNS therapy was approved
by the Food and Drug Administration (FDA) for the treatment
of severe, recurrent unipolar and bipolar depression in the
United States [8].

Vagal nerve stimulation is under investigation as a po-
tential therapy for other disorders including anxiety and Alz-
heimer’s disease, and has potential applications in obesity
and chronic pain syndromes [5,9]. Enhancing vagal tone by
delivering electrical stimulation to the cervical vagal nerves
is emerging as a promising novel therapy in heart failure pa-
tients also [10]. Recent studies on nheuromodulation revealed
the potential of the nervous system to control organ function
and re-establish physiological homeostasis during illness, with
a growing number of studies showing the beneficial effects of
cervical vagal stimulation to control experimental and clinical
arthritis, even in patients refractory to current anti-rheuma-
toid treatments [11].

Vagal Nerve Stimulator Components

A VNS is a neurocybernetic prosthesis (NCP) system com-
prising an implantable, multiprogrammable pulse generator
that delivers electrical signals to the vagus nerve, as present-
ed in Figure 1. The electrical currents are delivered on a pre-
determined schedule, or may be initiated by the patient with
an external magnet [12]. A VNS is a battery-powered device.
The battery life of a VNS generator depends on the settings.
On average it will last 3-5 years. Battery replacement or re-
moval of the VNS is a surgical procedure. A schematic drawing
of the VNS and its implanted components is shown in Figure 1.

The NCP system consists of:

1. The vagal nerve stimulating electrodes carry the elec-
trical signal from the generator to the vagus nerve.
The electrode array consists of two upper helical sili-
cone coils that contain the platinum ribbons for me-
chanical contact with the nerve fibres, as well as an
anchor tether on the inferior end of the electrodes.
The helical shape allows the coils to non-traumatically
adapt to the shape of the vagus nerve.

The reason that the electrodes are implanted around
the left vagus nerve is that the right vagus nerve has
more cardiac efferents to the sinoatrial node (involved
in the pacemaker function of the heart), whereas the
left vagus nerve innervates the atrioventricular node
(regulating the force of contraction of the heart mus-
cle as a function of the volume of blood returned to
the heart, with less influence over heart rate) [5,13].
Randall, et al. showed in dogs that stimulation of the
right vagus, compared to the left, caused a greater re-
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duction in heart rate and Woodbury and Woodbury
(1990) reported that high-level stimulation of the left
vagus had no effect on heart rate [14,15]. The use of
the right vagus nerve for electrode placement can be
considered in scenarios where the left vagus nerve is
contraindicated. Some small case series report benefi-
cial reduction in seizure frequency without significant
cardiac side effects with right sided implantation [16].

The programmable signal generator is similar in ap-
pearance to a pacemaker and is implanted in a subcu-
taneous pocket in the patient’s left upper chest, just
inferior to the clavicle. The pulse generator produces
balanced waveforms at constant current and is pow-
ered by a single lithium battery. An antenna inside
the generator receives programming signals from the
programming wand and then transfers these signals to
a microprocessor within the generator, thereby con-
trolling the programmable stimulation variables: Out-
put current (clinically tolerated range: 0-4 mA), signal
frequency (1-145 Hz), signal pulse width (130, 250,
500, 750, 1,000 microseconds), signal on time (7, 14,
21s and 30 to 270s in 30s steps), signal off time, and
magnet-activated stimulus parameters - pulse width,
output current, and on time.

The programming wand, shown in Figure 2, is used to
communicate parameter changes to the pulse gener-
ator. It uses radiofrequency signals to non-invasively
communicate with the generator. The wand enables

adjustment of any of the programmable functions of
the generator as clinically indicated [12]. In addition,
diagnostic testing informs the physician if there are
problems with wand-generator communications, lead
impedance, or the programmed current, as well as
monitoring battery life. The VNS Therapy® program-
ming software and the VNS Therapy® handheld com-
puter are used to store and retrieve data from the sig-
nal generator, with the help of the programming wand.

4. All patients with an indwelling VNS receive a magnet,
shown in Figure 3. The magnet can be used for 2 indi-

Figure 3: Patient magnet, that all patients with implanted VNS
are provided with Magnet bracelet.

Image credits: LivaNova PLC.

Figure 2: Programming wand with the VNS handheld computer and programming software.

Digital image: http://eplipsy.com/managing-your-epilepsy

Image credits: LivaNova PLC.
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cations, either to deliver an extra vagal nerve stimu-
lation period by brief application of the magnet over
the signal generator for < 30s or alternatively to stop
simulation cycles completely by the continuous appli-
cation of the magnet for longer than 30s.

Proposed Mechanism of Action

The initiation, propagation and maintenance of seizures
is a complex pathophysiological process requiring activation
and interaction of multiple brain centres to affect duration
and spread of the seizure activity. There are a number of pro-
posed mechanisms of action of a VNS and its attenuation of
seizure activity. Vagal nerve electrical stimulation creates ac-
tion potentials within the cervical vagus nerve that modulate
cerebral neuronal excitability, either through activation of
the limbic system, noradrenergic neurotransmitter systems,
or generalized brainstem arousal systems [17]. Altered neu-
rotransmitter expression is evident with an increase in nor-
adrenaline, gamma aminobutyric acid and serotonin levels
noted and a decrease in aspartate level [18]. It also increases
blood flow in the thalamus and in the cortex. The anticon-
vulsant effect exerted by vagal nerve stimulation has been
described in a variety of animal seizure models. It has no ef-
fect on hepatic metabolic processes, serum concentrations of
AEDS, or laboratory values. In a study comparing heart rate
(HR) variability, it has been shown that VNS does not alter
HR variability albeit seizure frequency was lowered. Interest-
ingly, it was shown that HR variability was lower and lacked
circadian fluctuations in patients with epilepsy as compared
to normal controls. Thus, vagal stimulation does not influence
autonomic cardiac control [19].

Takaya, et al. also showed that the anticonvulsant action
of vagal nerve stimulation was not solely limited to the stim-
ulation period, because vagal nerve stimulation protected
against induced seizures even when discontinued prior to
seizure onset, suggesting longer-term changes in neural ac-
tivity [20]. Furthermore, they investigated the relationship
between the cumulative duration of vagal nerve stimulation
and its anticonvulsant effect. Awake and freely moving rats
were protected by 60 minutes of continuous stimulation from
pentylenetetrazol-induced seizures more effectively than 60
minutes of intermittent stimulation with the same current
and frequency settings. Similarly, intermittent stimulation
was more effective than a single 1-minute stimulus. The an-
ticonvulsant effect was nearly half-maximal 5 minutes after
VNS therapy was discontinued.

In summary, current information suggests that VNS ther-
apy activates neuronal networks in the thalamus and other
limbic structures and that noradrenaline may mediate the an-
ti-seizure activity of vagal nerve stimulation.

Device Implantation and Programming

VNS implantation is considered a low-risk surgery with
few complications. The implantation procedure usually lasts
one to two hours and is typically carried out under general an-
aesthesia to minimise the possibility that a seizure will affect
the operation [21]. VNS implantation can also be performed
under the regional anaesthesia technique of combined deep

and superficial cervical nerve blocks [22].

Two incisions are made during VNS implantation surgery:
A segment of the left vagus nerve is exposed through an ap-
proach similar to that used for carotid endarterectomy and a
subcutaneous pouch is formed in the upper left chest for the
VNS pulse generator [2]. The surgery involves the placement
of helical electrodes on the left cervical vagus nerve, with
interrogation and testing of the generator to ensure prop-
er function prior to its placement in a subcutaneous pouch.
Postoperative neck and chest x-rays may be obtained to con-
firm placement of the generator and electrode positioning.

The most commonly reported side-effect from the im-
plant procedure is infection. A retrospective review in the
United States of 191 paediatric patients with VNS implanted
between 2000 and 2007 identified an infection rate of 5.2%
that was consistent with results from prior studies [23]. All in-
fections occurred at the site of the generator placement. The
time from implantation to diagnosis ranged from 2 to 93 days
(mean 29.8 days, median 18 days). In this review Staphylo-
coccus aureus was the cultured organism in 9 out of the 10 af-
fected patients. This review recommended that all patients be
treated as having a deep infection and be given broad-spec-
trum intravenous antibiotics as first-line treatment.

Programming of VNS

Ramping up is the term used for increasing the output of
the VNS during subsequent appointments after implantation
of the device. In Ireland and in the majority of centres in the
United States, the VNS is activated two to three weeks after
implantation [9]. The treatment plan is to increase the VNS
output and currents to a therapeutic level at a speed tolerat-
ed by the patient, usually over the course of 8 weeks. Slower
ramp up speed may be considered for those considered vul-
nerable or who are non-verbal. Practice can vary from week-
ly, fortnightly, monthly ramp up to “rapid” ramp up even,
over the course of a week. Ramp up of output current usually
takes place in 0.25 mA increments but this can be increased
as tolerated. The therapeutic level of the VNS can vary be-
tween patients but will usually be between 1.5 mA to 2.5 mA,
however, this may be lower in some individuals. Of note, af-
ter surgically replacing the battery component, the device is
switched on immediately postoperatively at a lower than pre-
vious stimulation setting.

In the standard mode, the VNS device is set to deliver im-
pulses to the left vagal nerve at regular intervals. Most pa-
tients are stimulated at 20-30 Hz, with a stimulation cycle of
30 seconds on, and 5 minutes off [21]. While it is impractical
to apply continuous electrical stimulation to the vagal nerve
due to safety considerations and limited battery life, the re-
sults of Takaya, et al. suggest that the 30 seconds on, 5 min-
utes off intermittent stimulation protocol utilised for human
epilepsy is a reasonable compromise with respect to efficacy,
safety, and feasibility [20]. The signals are delivered on a pre-
determined schedule, or may be initiated by the patient with
an external magnet. Once programmed, the generator will
deliver intermittent stimulation at the desired settings until
any additional programming instructions are received or un-
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til the battery life is expended, which typically occurs after 4
years of operation. In addition, the patient or a companion
may activate the generator by placing the supplied magnet
over the generator for several seconds; in some patients this
may interrupt a seizure or reduce its severity if administered
at the onset of the seizure [24].

Some recent developments in vagal nerve stimulation in-
clude the auto-stimulation function, whereby a rapid heart
rate increase of more than 20% is detected by the pulse gen-
erator and results in the automatic delivery of an unsched-
uled dose of stimulation. This is further to the observation
that 8 in 10 people with epilepsy experience a rapid increase
in heart rate before or during a seizure. This closed loop stim-
ulation principle may be of benefit as manual triggering of
extra vagal stimulation with the magnet may not always be
feasible for a number of reasons such as lack of preceding
symptoms, not having the magnet to hand or seizures during
sleep. Other events leading to an increase in heart rate, for
example the patient exercising, may lead to delivery of an ex-
tra dose of vagal nerve stimulation in the ‘detect and respond’
mode, but this does not harm the patient, as per the manu-
facturer advice. This auto-stimulation function can however
be switched off should the patient wish to receive solely the
standard therapy, and it should not be used in patients with
clinically significant arrhythmias or in patients who are using
treatments that interfere with normal intrinsic heart rate re-
sponses, for example patients with pacemaker dependency,
patients with implantable defibrillator, patients on beta ad-
renergic blockers.

Side-Effects and Implications for Anaesthesi-
ologists

Vagal nerve stimulation is safe and well tolerated in pa-
tients with longstanding, medically-refractory partial-onset
epilepsy. Potential side effects of vagal stimulation could be
related to the implantation procedure or during actual stimu-
lation of the vagus nerve [25].

The most frequently encountered adverse effects typi-
cally occur during stimulation, are usually mild to moderate
in severity, and resolve with reduction in current intensity
[2]. These include patients having complaints with tingling
or prickling sensation (paraesthesia) and/or vocal symptoms
such as hoarseness, sore throat and dry cough which improve
over time and with adjustment of stimulation settings [13].
For most patients, side-effects are tolerable and may lessen
over time. Serious side-effects are rare.

VNS and cardiac complications

The intricate relationship of the vagus nerve to cardiac
function raises concern that vagal stimulation may affect car-
diac rhythm and function. Previous pre-and post-marketing
studies have not shown this to be a significant problem, with
the incidence of bradyarrhythmias reported to be about 0.1%
[26]. Cardiac complications associated with VNS therapy have
been reported mostly in connection with intra-operative lead
testing, with the most commonly reported complications be-
ing bradycardia and syncope and in rare cases cardiac arrest.
8 cases of bradycardia and asystole have been reported in the

literature during lead tests upon device implantation [27].
However, under certain conditions, vagal nerve stimulation
can also be proarrhythmic. For example, increased vagal tone
could trigger ventricular fibrillation in Brugada syndrome.

Asconape, et al. published a case report in 1999 of a
56-year-old man who developed two episodes of bradycar-
dia and transient asystole during routine lead testing during
a planned VNS implantation. While undergoing routine lead
diagnostic testing during the implantation procedure, at the
initial two stimulations, bradycardia of 30 beats per minute
developed. A third stimulation attempt led to the develop-
ment of transient asystole that required atropine and brief
cardiopulmonary resuscitation. The procedure was immedi-
ately terminated, with no further sequelae or abnormalities
identified on postoperative cardiological evaluation. The pos-
sible mechanisms that were contemplated for the bradycar-
dia/asystole included stimulation of cervical cardiac branches
of the vagus nerve either by collateral current spread or di-
rectly by inadvertent placement of the electrodes on one of
these branches; improper plugging of the electrodes into the
pulse generator, resulting in erratic varying intensity of stim-
ulation; reverse polarity; and idiosyncratic-type reaction in a
hypersusceptible individual [27].

In 2004, Ali, et al. looked at three cases of ventricular
asystole with complete heart block that occurred during in-
traoperative lead tests, to identify the specific type of cardi-
ac abnormality associated with vagus nerve stimulation, and
to identify individuals at risk [26]. The authors were able to
obtain cardiac rhythm strips during these episodes, which
showed a normal, regular p wave (atrial rhythm) with no ven-
tricular activity, indicating a complete atrioventricular (AV)
nodal block. One possible neuroanatomic explanation would
be direct activation of the parasympathetic pathway with an
exaggerated effect on the AV node. The left vagal nerve has
a greater negative chronotropic effect on the atrioventricular
node. This effect, however, is normally modified by the sym-
pathetic tone and the stimulation frequency. Clinical activa-
tion of the left vagus nerve as with the VNS does not normally
have a significant effect on cardiac rhythm; this may explain
why this is such a rare occurrence in patients implanted with
this device.

Cardiac complications can occur later in the treatment
course as evidenced in a case report by Amark, et al. where
vagally induced bradyarrhythmia, perfectly correlated with
the stimulation periods, suddenly occurred two years and
four months after the VNS implantation in a 17-year-old with
medically refractory epilepsy [28]. Research is ongoing into
the possible long term changes within the central nervous
system which may occur. This is based on VNS action via the
nucleus tractus solitarius and its projections to other nuclei,
further affecting higher autonomic functions in the hypo-
thalamus and insular cortex [26]. This possible mechanism is
supported by functional magnetic resonance imaging (fMRI)
studies [29].

Even though arrhythmia could be critical, most cases were
initially treated as new-onset epileptic seizures with adjust-
ment of the anti-epileptic drugs for a period. To prevent car-
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diac asystole in VNS treatment, clinicians should be alert to
the possibility of new-onset syncopal events differing from
habitual seizures and investigate them appropriately [30].

VNS and respiratory complications

Chronic VNS therapy can lead to significant respiratory
complications and has been associated with cases of laryn-
geal dysfunction such as altered voice, dyspnoea and cough.
There have also been reports of an increased incidence of
obstructive sleep apnoea (OSA) episodes with vagal nerve
stimulation.

Previous research has shown that up to one-third of pa-
tients with refractory epilepsy has OSA as defined by a respi-
ratory disturbance index (RDI) of > 5 [31]. Studies of patients
with OSA and a VNS showed significantly reduced airflow
while sleeping during periods of vagal stimulation with one
case associated with recurrent airway obstruction [32]. Va-
gal nerve stimulation may also cause new onset sleep apnoea
episodes in patients who have not previously been diagnosed
with this condition. Lower stimulation frequencies, longer pe-
riods of off time as well as device inactivation are associat-
ed with reduced respiratory events. It is clear that there is a
relationship between epilepsy and obstructive sleep apnoea,
with patients with VNS therapy having increased apnoeic
events in association with stimulation periods. Screening for
sleep apnoea events before and after implantation would be
prudent as well as careful perioperative risk assessment and
management. Perioperative management of patients with
OSA and a VNS should aim to minimise post-operative respi-
ratory risks, such as the utilisation of an opiate free anaesthe-
sia technique, close postoperative monitoring in appropriate
locations, supplemental oxygen post operatively and discus-
sion with neurology about turning off the VNS for the high risk
perioperative period.

Vagal nerve stimulation can lead to abnormal movement
of the vocal cords with resultant voice alterations, such as
hoarseness, breathlessness and in some cases airway ob-
struction. Voice alterations are due to concurrent stimulation
to two branches of the vagus nerve, the superior and recur-
rent laryngeal nerves which innervate the muscles of the
larynx. This is usually mild and associated only with periods
of stimulation, but in some cases it may present with a sore
throat or evidence of airway obstruction such as dyspnoea or
stridor. Medial deviation of the left vocal cord and arytenoids
has been documented on videoendoscopy during vagal nerve
stimulation in studies [33]. Similarly, there is a case report of
recurrent intraoperative obstructive episodes in a patient in
whom a laryngeal mask airway was utilised, with evidence of
tetanic contraction of the left sided musculature of the larynx
in isolation [34]. This potential complication must be consid-
ered when using supra-glottic airways while under general
anaesthesia and may require the VNS to be switched off pre-
operatively to reduce the risk of airway obstruction.

Mechanical and electrical safety

The VNS can have perioperative implications not just due
to its side-effects, but also because of the mechanical and
electrical safety aspects of the VNS.

High-frequency stimulation may be associated with tissue
damage with long term use [12]. This is a major guiding fac-
tor in the selection of stimulation parameters for implantable
devices. However, there is no evidence that the stimulation
protocols in present clinical use cause pathological changes
within the vagus nerve. Furthermore, the helical coils of the
stimulating electrodes minimise mechanical damage to the
vagus nerve, because less handling of the nerve is required
for lead attachment and the helical shape is self-sizing and
flexible [35,36].

The NCP system has several additional built-in safety and
tolerability features:

e Each stimulation ‘ramps up’ during the initial 2s and
‘ramps down’ for the final 2s

e A clamping circuit within the generator prevents more
than 14 V from being delivered to the vagus nerve

e Patients may turn off stimulation by continuously holding
the supplied magnet over the generator.

This use of the magnet may become necessary if stimula-
tion becomes intolerable or if the patient anticipates a pro-
longed period of speaking and does not wish to experience
hoarseness or voice change.

The antenna within the generator is controlled by radiof-
requency signals. Nonetheless, the generator and the elec-
trode leads are unaffected by microwave transmission, cellu-
lar phones, and airport security systems.

Short-wave diathermy, microwave diathermy and thera-
peutic ultrasound diathermy should not be used in patients
with an indwelling VNS. Diagnostic ultrasound is not included
in this contraindication.

External defibrillation and electrical cardioversion may
damage the generator. If external defibrillation is required,
the VNS manufacturer recommends using the lowest amount
of appropriate energy during each electrical current delivery
and that the defibrillation contact pads be placed as far from
the generator and implanted lead as possible. Contact pads
should be placed so that current will travel in a vector perpen-
dicular to the VNS system.

Magnetic resonance imaging (MRI)

The primary risks of MRI are excessive heating of the leads
attached to the vagal nerve and damage to the stimulator.
Other potential risks posed by MRI in patients with an im-
planted metallic device include spurious device stimulation
due to magnetic field gradients, displacement due to static
magnetic field interactions, and disruption of the VNS system
[37]. MRI related heating forms the primary risk and is influ-
enced by several factors, such as positioning and configura-
tion of the leads and the pulse generator, field strength of
the MRl scan, type of transmit coil, amount of radiofrequency
energy, and the anatomic site of scanning [38].

A Dutch study that aimed to evaluate the safety of per-
forming brain MRI scans in patients with an indwelling VNS,
looked retrospectively at 97 MRI scans that were performed
over a two-year period in 73 patients with an indwelling VNS.
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The indication for most MRI scans was epilepsy related. Pa-
tients were scanned according to the manufacturer’s guide-
lines. No patient reported any side-effect, discomfort or pain
during or after MRI. In one patient in this study, an 8-year-old
boy, a lead break was detected based on device diagnostics
after the MRI scan. However, with the lack of device diagnos-
tics prior to the MRI scan, it was impossible to rule out if the
lead break was already present prior to the MRI scan, or al-
ternatively, if MRI scanning might have been responsible for
the lead break due to exposure to the radiofrequency fields.
In this published Dutch case series, 11 patients younger than
12 years of age with indwelling VNS had MRI scans without
complications. Moreover, this study found that the acquisi-
tion of multiple MRI studies in a single patient, even up to
nine scans in 3 years, was deemed to be safe. Of note, the
study mentions that one patient whose pulse generator had
been removed previously, was excluded from having his MRI
scan, because of a potentially higher risk of lead heating [37].

Detailed guidelines around the management of VNS for
MRI are available from ‘MRI Guidelines for VNS Therapy®,
2017 edition, created by LivaNova PLC. As a general rule, the
generator should be switched off before entering the MRI,
and reprogrammed after scanning, to ensure continued ap-
propriate parameters and proper functioning. Depending on
the VNS model, exclusion zones for MRI must be observed
from C7-L3 vertebrae.

Due to the complexity of patients with DRE and the fact
they often have other significant comorbidities, it is a patient

group often referred to pre-operative assessment clinic for
review by an anaesthesiologist. Table 1 presents a summary
of the anaesthetic implications of a VNS and suggested basic
managements protocols to be used as a guide. Expert advice
should be sought from neurology colleagues for specific ad-
vice around peri-operative management and patients should
have the pulse generator interrogated after any unplanned
or emergency deactivation with the magnet to ensure proper
function and appropriate programming going forward.

Conclusion

Vagal nerve stimulator therapy has been utilised for the
management of drug resistant epilepsy since 1988 and it has
an expanding scope of use outside of refractory epilepsy. In
the hospital where the authors work, patients with an in-
dwelling VNS are not an infrequent occurrence on the dental
procedure list for adults requiring general anaesthesia. With
the incidence of VNS implantation on the rise, more and more
anaesthesiologists will encounter patients with an indwelling
VNS, both in the elective and in the emergency setting. Famil-
iarity with the device is important, both for patient safety as
well as for avoidance of damage to the device. Expert advice
should be sought in the perioperative period to further en-
sure these goals.

In an effort to raise more awareness of the VNS device and
its implications for the anaesthesiologist, we share an over-
view of the components, physiology and potential side effects
associated with its use, focusing on the perioperative period

Table 1: Implications of VNS for anaesthesiologists.

Scenario Issues

Local issues during VNS
activation sore throat

Cardiac issues Bradycardia, syncope and rarely cardiac

arrest during intra-operative lead testing at

implantation
Respiratory issues Altered voice, dyspnoea and cough

Increased incidence of obstructive sleep
apnoea

When using laryngeal mask airways, potential
obstruction due to laryngeal musculature

contraction

Intra-operative issues

During cardiac arrest External defibrillation and electrical

cardioversion may damage the generator

Magnetic resonance
imaging with or without
general anaesthesia

damage to the stimulator

VNS system

Tingling or prickling sensation, hoarseness,

Use of diathermy and therapeutic ultrasound

Risk of excessive heating of the leads and

Spurious device stimulation and disruption or

Management

Resolve with reduction in current intensity

Not critical and may lessen over time

Check the lead placements and connections

May need to terminate the procedure

Lower stimulation frequencies, longer period of off time and
device inactivation can improve the issues

Vigilance for new onset sleep apnoeic symptoms

May require VNS to be switched off to reduce the risk of
airway obstruction

Short-wave diathermy, microwave diathermy and therapeutic
US diathermy should not be used

Use lowest amount of appropriate energy

Fibrillation pads to be placed far from the generator and
implanted lead

Pads should be placed so that current travels in a vector
perpendicular to the VNS

Discuss with Radiology team looking at the field strength of
MRI scan, type of transmit coil, amount of radiofrequency
energy and anatomical site of scanning

Keep the exclusion zone from C7-L3 vertebrae.

Device to be switched off and reprogrammed after scanning
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and its specific considerations.
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